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DATA IMTEftc ^f r 

The present invention relates to a data 

'° interface positionabfe between a first 
processing means and second processing means. 

A trend in recent years has been towards distributed systems, in which a piuraiity 
o .ndependentiy programmahie processing devices are mutually connected An 
advantage of using interconnected hut independen.iy controiiaJe devic s the 
.he devices may function under differing operating conditions. For example ™ , 
purpo m,c,cp,„cessors and microcontroiiers are capable o, performing aTa 
tange of act,v,t,es, particularly in a control environment. Howeve when 
proce ,,„„3,, ,^„,, ,„ ^ ^^^^^^ ^^^^^^ e ^ w^en 

and this rnay be achieved using devices constructed for performing a reiativel lw 
Of this type have become .nown as digital signal processors and these processors 

z: zrcfrr --^^ - — - - - ~- 

A problem with including different types of processing devices within a common 
v^or.,ng environment is that difficulties occur when it is necessary for the 
processors to communicate. A particular nr^hi 

reouired . Particular problem occurs when microcontrollers are 

t ouired ,0 communicate with digital signal processors, given that digital signal 

rTe rtwZrr " " " ^'^^^ ^^-^ n.-<.contro„ers anT: 

a w ch a ° ™' than 

ha, a, Which a microcontroller may be able to accept it. Similarly, „ ,he digital 
al processor is instructed to receive data from a microcontroLr, it m 
.^.en out from doing other wor. for a relatively long period of time, the eby 
reducing the overall efficiency of the system. 

According to an aspect of the present invention, there is provided a data interface 
Positionable between a first processing means and a second processing lelns 
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comprising storage means arranged to buffer data signals generated by each of said 
processing means for reception by the other of said processing means, and storage 
allocation means arranged to adjust the amount of said storage available for 
transfer in each particular direction. 

Thus, an advantage of the present invention is that it provides a continually 
addressable storage area which may be addressed so as to buffer data generated 
by the first processing means, for transfer to the second processing means, or to 
buffer data generated by the second processing means for transfer to the first 
processing means. At any one time, a particular storage location is allocated for 
transfer in one of said directions. However, the storage allocation means is 
provided to adjust the allocation, such that maximum benefit is derived from the 
available nnemory locations. 

In a preferred embodiment, the adjustment of memory allocation is made in 
response to requests by one or both of said processing means. 

Preferably, one of said processing means is a digital signal processor. Preferably, 
one of said processing means is a microcontroller or a microprocessor. 

In a preferred embodiment, the interface is positionable between processing means 
provided within a mobile telephone. 

The invention will now be described by way of example only, with reference to the 

accompanying drawings, in which 

Figure 1 shows a mobile telephone with internal circuitry including a microcontroller 
subsystem and a digital signal processor subsystem; 

Figure 2 illustrates the arrangement of the microcontroller subsystem and the digital 
signal processor subsystem of the telephone illustrated in Figure 1, including an 
data buffering for allowing communication between the subsystems; 
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Figure 4 details one of ,he interface circuits shown In Figure 3. 
A mobile telephone is shown in Fionre i • 

an • ■ . ' "^'"^ ^ mouthpiece microphone 1 5 and 

an earp.ece loudspeaker 16. Conventional signalling buttons 17 1 1 
enabling telephone numbers to be dialled and... . ^ 17 are prov.ded, 

- ejected. . li... _ai 

The internal circuitry for the telPnhn„« u 

dia9ran.,na,ica„v i„ L,, 2 7 """" ' ="0"" 

components The Kevoad ,7 T ' "^'"^ " 

.~oiier irz: ' : " ~ °' = 

'esponsihie for the c.erail o "al p, ..Jlrr T!'" 

important when ov.„o.- '"^ Is particularly 

characterstrc such as """"'""^ 

switched p ^;: 1, H w T"'"" °~ ' 

o. processing J,r dirrcr^r :~ ^ - — 

processor subsystem IDSP. 25 i. . ° ° 

subsystem receL e na rl I 

Signals to the loudspea J ,T """""'""^ " ^"^ 

Although each processor performs Its own specific tasks it is n.. 
intervals, for the microcontroller subsystem 21 ,0 c °' 
Signal processor subsystem 22 This co with the digital 

uui>y5>tem zz. This commun cation is faciliratoH Kw *u 
Of a data buffering circuit 23. In particular the T 

write data to the buffer 23 whi.h — ocontroller subsystem may 

me Durter 23 which is internally buffered bv sairi h..« 
ai-owlng the microcontroller subsystem to resume its rirrg't:: 
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written to the buffer 23, data may be accessed by the digital signal processor 
subsystem 22. such that the transfer of data from the microcontroller subsystem 
21 is effected under the control of its own system clock, at speeds compatible with 
the operation of the microcontroller subsystem 21 , whereas the reception of data 
from the interface by the digital signal processor subsystem, is effected by its own 
internal clock, thereby ensuring that data transfer takes place at speeds compatible 
with the operation of both subsystems. 

Similarly, data transfers may take place in the opposite direction. Thus, the digital 
signal processor subsystem 21 may write data to the interface 23. at rates 
compatible with the operation of said processor, whereafter the data may be read 
from the interface 23 under the control of the microcontroller subsystem 21. 

The MCU sub-system 21 and the DSP sub-system 22 run programs which retain 
information identifying storage areas within the buffer area 23 to which each sub- 
system may write to and from which each sub-system may read from. After a sub- 
system has written data to the data buffer 23 it issues an interrupt to the other 
sub-system via an interrupt circuit 24. Thus, once interrupted via circuit 24. a sub- 
system will, when appropriate, execute a sub-routine so as to read the data from 
the data buffer 23 that has been written to said buffer from the other sub-system. 
The interrupt circuit 24 is also arranged to receive interrupt signals from other 
devices, not shown in Figure 2. prioritise these interrupts and, where necessary, 
mask interrupts to prevent essential operations from being disturbed. 

The data buffer 23 is detailed in Figure 3. The buffer includes a dual port random 
access memory device 31 that may be provided, for example, with sixty-four 
addressable locations, each capable of storing 8 bits of data. Memory locations 
within the RAM 31 may be used to buffer data being transferred from the MCU 
system 21 to the DSP system 22 and to facilitate the transfer of data in the reverse 
direction, from the DSP sub-system 22 to the MCU sub-system 21. Thus, the 
buffer is effectively positionable between a first processing environment and a 
second processing environment and comprises storage arranged to buffer signals 



generated by each of the said processing environments. At any particular time 
storage locations within the RAM 31 are allocated as being part of the storage 
available for transfers in one direction or for transfer in the other direction. Thus 
interface circuits are provided that include registers for maintaining a record of the 
allocation of storage within the RAM 31 along with systems for effecting re- 
allocation so as to adjust the amount of storage available for transfer in each of the 
directions. 

The MCU sub-system 21 has an associated data bus 32 and an associated address 
bus 33. Similarly, the DSP sub-system 22 has a data bus 34 and an address bus 
35. The MCU data bus 32 is connected directly to the RAM 31, via its first port 
and. similarly, the data bus 34 of the DSP 22 is connected directly to the second 
port of the RAM 31 . 

The MCU address bus 33 is connected to an MCU interface circuit 36, which is 
also connected to the MCU data bus 32. Similarly, a DSP interface 37 receives 
address signals over the DSP address bus 35 in addition to receiving data signals 
from the DSP data bus 34. The MCU interface 36 and the DSP interface 37 
prov.de addressing signals to the RAM 31 over respective RAM address lines 38 
and 39. 

Both the MCU sub-system 21 and the DSP sub-system 22 address storage 
locations within the RAM 31 as if they occupied a single addressable location 
Thus, the respective address, representing the RAM 31 , is supplied to address lines 
33 or 35 which are in turn interpreted by the respective interfaces 36 and 37 
When addressed in this way. a plurality of data words may be supplied to the 
respective data buses. 32 or 34. resulting in the data being written to the RAM 31 
m response to address signals generated by the respective interfaces 36 and 37 
Thus, the interfaces 36 and 37 include address pointers which are incremented as 
data is written to the dual port RAM 31. Similarly, these pointers are also 
incremented as data is read from the RAM 31. 



A proportion of the storage locations within the RAM 31 are provided to facilitate 
transfers from the MCU 31 to the DSP while the remainder are provided to effect 
transfers in the opposite direction. However, the point at which the crossover 
occurs is adjustable and controlled in response to programs executed on the sub- 
systems. 

In the preferred embodiment, only the MCU sub-system 21 is capable of adjusting 
the position at which the crossover occurs and when the DSP 22 requires 
additional storage locations within the RAM 31, it must request the MCU 21 to 
provide this additional space. Requests of this type are made by the DSP issuing 
a command which is supplied over address bus 34, stored within the RAM 31 and 
thereafter read from said RAM 31 and processed by the MCU 21 . Thus, messages 
generated by the DSP 22 are encoded such that they will be acted upon by the 
MCU 21 or supplied to other processing equipment. 

The MCU sub-system 21 includes a read-only flash memory. This memory is 
provided so as to retain programs executable within the MCU environment 21. 
along with programs executable within the DSP environment 22. Thus, the DSP 
is arranged to operate under instructions supplied from local volatile memory but. 
in response to a power-up condition, programs executable by the DSP sub-system 
22 must be downloaded from the flash memory under the control of the MCU sub- 
system 21 . 

All transfers from the MCU sub-system 21 to the DSP sub-system 22 are effected 
via the RAM 31 , therefore, in order to effect the downloading of programs to the 
DSP sub-system 22, the split point of the RAM 31 is modified, such that the 
amount of buffering storage available for transfers from the MCU 21 to the DSP 22 
is maximised. Thus, for example, in the embodiment where a total of sixty-four 
storage locations are provided, sixty-two of these locations may be allocated for 
transfers from the MCU 21 to the DSP 22. until the DSP has received a full 
complement of executable programs from the MCU's flash memory. Thereafter, 
the DSP may issue commands to the MCU so as to re-allocate the split point such 



that messages larger than 2 bytes may be transferred from the DSP to the MCU 
21. (n this way. the available capacity within the RAM 31 is optimised and 
allocated for transfers in either direction, substantially in response to instantaneous 



demand. 



The MCU interface 36 is detailed in Figure 4 and includes an enable decoder 41 
a s.ze register 42. a location decoder 43 and an address pointer 44. The enable 
decoder 41 receives address signals from the MCU's address bus 33 and includes 
combinational logic arranged to detect specific address signals generated by the 
MCU. In particular, the MCU sub-system 21 may generate three specific addresses 
which are decoded by the enable decoder 41 . 

A first address signal, to which the enable decoder 41 is responsive, is interpreted 
by the enable decoder 41 resulting in an enabling signal being supplied to the size 
regrster 42 over an enabling line 45. Once enabled in this way, the variable "SIZE" 
stored in register 42, may be updated, in response to data supplied over the data 
bus 32. Thus, in this way. it is possible for the MCU sub-system 21 to effectively 
re-estabhsh a new split point within the RAM 31 . 

The second address, to which the enable decoder 41 is responsive, is interpreted 
as an address pointer re-set signal which is supplied to the address pointer over a 
re-set l.ne 46. In response to receiving a re-set signal, the address pointer 44 is re- 
set, so as to effectively re-initiate a reading or writing operation. 

The third address, to which the enable decoder 41 is responsive, is interpreted as 
an address pointer enable command, resulting in an enabling signal being supplied 
to the address pointer 44 over an enabling line 47. Thus, when enabled in this 
way, the address pointer 44 generates incremental address signals, which are 
supplied to the location decoder 43 over a first internal address bus 48 A similar 
second internal address bus 49 supplies addressing signals from the size register 
42 to the location decoder 43 and in response to these two signals an address 
signal IS supplied to the RAM 31 over a third internal address bus 50 



8 

Memory locations within the RAM 31 are schematically illustrated in Figure 4 
Thus, the first addressable location may be identified as location "ZERO" and the 
last location may be similarly identified as location "LAST", m a preferred 
embodiment the RAM 31 contains a total of sixty-four memory locations from 
ZERO to sixty-three, i.e. last equals sixty-three. Each location is arranged to store 
an eight bit byte and at least two bytes must be reserved for transfers in each 
direction. It is essential for a reservation of this type to be made, such that 
bandwidth is provided, by means of these two byte locations, enabling requests for 
additional buffering space to be made from one environment to the other In 
particular, given that the MCU sub-system controls the position of the split point 
at least two bytes of data must be permanently allocated for transfers from the 
DSP to the MCU. 



At any particular time, the position of the split point is known to both the MCU 
software, the DSP software and register 42. The register 42 is readable by both 
the MCU and the DSP 22 but it may only be written to by the MCU. 

The value stored in the size register 42 defines the lowest location for transfers 
from the DSP to the MCU. The variable "SIZE" may therefore have a value 
anywhere between two. identifying location two within the memory and sixty-two 
■dentifying location sixty-two in the memory, where location sixty-three is the last 
location in the said memory. Thus, transfers from the MCU to the DSP are made 
via locations ZERO to SIZE-1 and transfers from the DSP to the MCU are made by 
locations SIZE to LAST. 

A location decoder 43 converts an address generated by the address pointer 48 
mto an address which may be used to address the RAM 31. The MCU software 
and the DSP software both know the availability of memory allocated for transfers 
■n each direction, however the value of variable "SIZE" is also transferred to the 
location decoder 43. over bus 49. so as to provide a further mechanism, within the 
location decoder 43. to prevent the address pointer 48 straying beyond its 
allocated region during a read or a write operation. Furthermore, the location 
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dacc«e, 43 ,s also ins.ruc.ed, via appropriate read and writa atroba algnals as ,o 
»he..,r a write operation or a read operation Is being executed. In tWs Zy Z 
addresses generated by the address pointer 44 n,av be used ,or both rear 'an. 
w™.g, „„. an appropriate o«-set applied bv tbe location decoder 4T::en 

AS previously stated, wben the system Is Initially pov^arad up It Is necessary ,or 

DSP programs to be transferred from flash memory, forming par, of the MCU sub 
system, ^^.^^^ ^^^^ MCU b. 

transfer takes place, the value of variable "SIZE- • ■ ' 
the preferred embodiment, so as to allod a m„ m " 
BAM IK . "'«™'V as possible w-lthin the 

RAM 31 for transfers from the MCU to tha DSP. Once the DSP ,nf, . 

loaded, it Is executed by the DSP and ,h. 7 ' ' 
Per th ^^^^^ 

rtre::::::rr:~ 

.om.aDSPtothaMCU,ltisapproprlate:a~~ir^^^ 
RAM 31 for transfers from the DSP to tha MCU, 

After the transfer of program data from tha MCU to the DSP. the value o, variable 
SIZE has been sa, to slx.y-,„o, such that storage locations sixty-two and s x^ 

;r tr ^rrr ^' - ~ - ~ 
— ~ng the Mcur:::::: ■:: pior ° - 

At any point In time, the MCU 2, may write data via Its data bus 32 o, to the 
xclus,on Of a write operation, I, may read data over its data bus 32 D 
li~r " ' — Plac ng z 

transferred. S.m.iarly, address lines on the address bus 33 are modified so as to 
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represent the write address. These operations take a finite period of time, in order 
for data levels to reach their appropriate point. Thereafter, a write strobe signal, 
in the form of a rising edge, is applied to a write strobe line 51, resulting in the 
data defined by the data bus being written to the address specified by the address 
bus. 

A similar operation is performed as part of the reading function. The data port of 
the MCU is placed in a condition whereby it is ready to receive data. Address lines 
on the address bus 33 identify the location from which the data is to be read. 
Thereafter, a read strobe, in the form of a rising edge, is generated on the read 
strobe line 52, resulting in the data identified by the address bus 33 being read to 
the MCU 21 over its data bus 32. 

In the example identified above, the DSP sub-system will have written an 
instruction to locations sixty-two and sixty-three of the RAM 31 which will in turn 
instruct the MCU 21 to allocate more memory space within RAM 31 for transfers 
from the DSP to the MCU, i.e. to reduce the value of variable "SIZE". 

After successfully writing the instruction to the RAM 31, the DSP sub-system 
issues an interrupt to the MCU via the interrupt circuitry 24 effectively instructing 
the MCU to the effect that it has been mailed a message which it needs to read 
from what may be considered as its mailbox. 

The MCU responds to the interrupt by generating an address on its address bus 33 
to the enable decoder 41 which is interpreted by the decoder as an address of the 
second type. Thus, in response to receiving this address signal, the enable decoder 
41 generates a re-set signal for line 46, resulting in the address pointer being re-set 
to zero. Thereafter, an address of a third type is supplied to the enable decoder 41 
resulting in the decoder supplying an enabling signal to the address pointer 44 over 
the enabling line 47. Thus, in response to this enabling signal, the address pointer 
44 is effectively instructed to generate address signals to the location decoder 43. 



II 



The enabling address on address line 33 is n.aln,ained rhroughou, ,he read 
operation, such ,ha,, from ,he MCU-s poin, o, view, a plurality of data bits are 
be,n8 received over Its data bus in response to an address signal effectively 
add ess,ng the san,e logical ™n..rv location. However, actual addresses to the 
ua, port RAM 3, are Incren-ented in response to address signals generated by the 
address pointer 44. 

in ^sponse to address signals generated over address bus 33, data Is read by the 

read 7Z T """" '"^ °' "'""^ over the 

read strobe l,ne 52. The read strobe signals are supplied to the address pointer 44 

and are also supplied to the location decoder 43. In response to receiving a read 

obe s,gnal. the location decoder 43 is instructed to the effect that a transfer is 

Zl7:: IT '° - With, 
. e RAM 3, wh,ch ,s to be addressed lies within the range defined by ,h able 

S ZE pos,t,on LAST. Thus, under the present conditions, the location decoder 

43 w. oniy generate addresses over address bus 50 Identifying location sixty-two 

and location sixty-three. 

llllT "T' " «on Of 

read , T '"""^ °" ^ -'Obe on 

read strobe „ne 52, address pointer 44 generates a value over address bus 48 

sLTh"""', """" "^^ "° -ad 

strobe has also been supplied ,o the location decoder 43, an offset, equivalent to 

address received fro. bus 48, resulting In address SIZE plus ZERO being supplied 
to bus 50 resulting in location slxty-two being addressed by said bus. 

The read strobe on line 52 is supplied to the RAM 31, thus, as address SIZE plus 
ZERO ,s suppned over bus 50, the appropriate location is read within the RAM 31 
resu,t,ng in the data stored a, location SIZE plus ZERO, i.e. location sixty-two' 
be.ng supplied to the MCU sub-system over data bus 32. 
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On the next cycle, the read address is maintained on bus 33 and the address 
pointer is maintained enabled. The address pointer is incremented and an address 
identifying location 1 is supplied on address bus 48. Again, this is offset by the 
value stored in the size register 42. resulting in the last location being read from the 
RAM 31 and the data stored therein being supplied to the MCU over data bus 32. 

The data received over the data bus 32 will be interpreted by the MCU 21 and in 
this particular example, it will be interpreted to the effect that the DSP requires 
additional buffering capacity. In accordance with protocols established within the 
MCU software, a decision will be made as to the extent to which the value stored 
within the size register 42 should be increased. 

An address signal of the first type is supplied to the address bus 33. resulting in 
the enable decoder 41 generating an enabling signal over line 45 to the size register 
22. The new value for the size register is supplied to the data bus 32 and this 
value is clocked to the size register 42 in response to a write strobe generated on 
line 51 . The MCU 21 may now generate a message to the DSP to the effect that 
it has been given additional space within the RAM 31 . 

During normal operation, the MCU 21 may supply other information to the DSP 
sub-system 31, in addition to the downloading of its executable programs The 
system will be arranged such that, under normal operation, the allocation of space 
within the RAM 31 will be more or less halved and additional allocation, for 
transfers in one direction or the other, will only be given if necessary. 

To transfer data from the MCU to the RAM 31 an address of the second type is 
supplied to the enable decoder 41, resulting in the address pointer 44 being reset 
to zero. The MCU 21 then, as far as it is concerned, addresses a single logical 
location, representing the RAM buffer, by generating an address over bus 33 of the 
third type, resulting in the enable decoder 41 enabling the address pointer 44. The 
first data byte to be transferred is supplied to the data bus 32 and address pointer 
44 generates its first address for address bus 48. The first address supplied from 
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the address pointer to the location decoder 43 will be zero, given that the address 
pomter has been reset and. given that storage location ZERO to SIZE- 1 are used for 
transfers fronr, the MCU to the DSP, no offset will be added by the location decoder 
43. However, the location decoder 43 will ensure that addresses generated by the 
address pointer 44 will not exceed address values supplied by the size register over 
bus 49. 



A wnte strobe signal is generated over line 51 . resulting in the data values supplied 
to the data bus 32 being written to location ZERO within the RAM 31 . Once this 
transfer has been performed, the address pointer is incremented such that on 
receiving the next write strobe signal on line 51, the next data value on bus 32 is 
supplied to location 1 within the RAM 31 . Thus, the transfer will continue byte by 
byte until the full message has been written to memory locations falling within the 
range ZERO to SIZE-1. 

The data buffer 23 allows the MCU and the DSP to communicate with each other 
effcently. However, the level of storage within the data buffer is re-allocatable 
such that optimum use is made of this storage space for whichever direction a 

transfer is taking place. 



CLAIMS 



1 . A data buffer positionable between a first processing means and a second 
processing means, comprising 

storage means arranged to buffer data signals generated by each of said 
processing means for reception by the other of said processing means, and 
storage allocation means arranged to adjust the amount of storage provided 
by said storage means for transfers in each of said directions. 

2. A data buffer according to claim 1, including a two-port random access 
memory, having one port for data transfer with said first processing means 
and a second port for data transfer with said second processing means. 

3. A data buffer according to claim 1 or claim 2, including address generating 
means for generating addressing signals for the writing of data to said buffer 
or the reading of data from said buffer. 

4. A data buffer according to claim 3, including address interpretation means, 
arranged to enable said address generating means in response to a particular 
addressing signal generated by said first processing or by said second 
processing means. 

5. A data buffer according to claim 3 or claim 4. wherein said address 
generating means is arranged to generate addressing signals initiated from 
a predetermined value and to increment said signals so as to address a 
plurality of locations. 

6. A data buffer according to claim 3 or claim 4, wherein said address signal 
generating means is arranged to generate addressing signals initiated from 
a predetermined value, including decoding means for selectively applying an 
offset to said addressing signals, depending upon whether a writing 
operation or a reading operation is being performed. 
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7. 



8. 



A data buffer according to any of claims 1 to 6, wherein said storage 
allocation means includes a register defining a location at which the transfer 
direction changes. 

A processing system including a microcontroller and a digital signal 
processor, wherein a data buffer according to any of claims 1 to 7 is 
posmoned between said microcontroller and said digital signal processor. 

A signal processing system according to claim 8. wherein said 
microcontroller is interfaced to a keypad and a display of a mobile telephone 
and the digital signal processor is interfaced to a microphone and a 
loudspeaker of said mobile telephone. 

A method of buffering data being transferred between a first processing 
means and a second processing means, comprising steps of 
storing data generated by either of said processing means; 
reading said stored data by the other of said processing means; and 
adjusting the amount of storage provided for transfers in each of said 
directions. 

11. A data buffer substantially as herein described with reference to Figures 3 

and 4. 

1 2. A method of buffering data substantially as herein described with reference 
to Figures 3 and 4. 
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